Abstract: Data envelopment analysis or DEA methodology is employed for assessing the relative efficiency of different homogeneous units. Through DEA one can analyze the areas which need more attention and can suggest measures for improving the performance of different sectors. Through this article, the authors have tried to analyze the relative efficiency of IITR (The Indian Institute of Technology Roorkee), a higher educational institute (HEI) in India. The efficiency of nineteen academic departments of IIT Roorkee is measured with respect to teaching and research. The novlty of the paper is twofold (1) the authiors have considered the environmental aspects (sustainability criteria) while measuring efficiency (2) Differential Evolution (DE) algorithm is employed in accordance with DEA on the fractional model generated for calculating efficiency.
Introduction
The tactical growth of a nation is directly proportional the type of education that is being made available to its citizens at basic level to the highest degree. John F. Kennedy once rightly said in his famous quote, "Our progress as a nation can be no swifter than our progress in education. The human mind is our fundamental resource." (US Congress speech, 1961) [1] . This statement is perhaps more relevant today than it was in 1961 particular in India scenario where we have several academic institutions involved in teaching and research. However, to appraise the progress of education it is necessary to investigate the working of educational institutes with respect to teaching or research or both from time to time. By appraising the performance of an education system, one can identify its weaknesses or shortcomings and can suggest suitable measures for betterment. In this study, the authors have focused on measuring the teaching and research efficiency of nineteen (19) academic departments of IITR, Roorkee a HEI of India. The time period considered is 12 academic years (2001 -02 to 2012 -2013) using suitable inputs and outputs.
The idea here is to consider the entire system in accordance with educational supply chain management (ESCM) framework. According to global supply chain forum (GSCF), the concepts of SCM can be applied to education sector by following the basic rules of SCM. Research papers in context with ESCM can be found in [2] [3] [4] [5] [6] . Literature is also available for the performance assessment of HEI in various countries all over the globe (USA [7] [8] [9] [10] [11] , UK [12] [13] [14] [15] [16] [17] [18] , Australia [19] [20] , China [21] [22] [23] [24] , India [25] [26] , Germany [27] , Canada [28] , Taiwan [29] , Europe (30) (31) , Spain [32] , Russia [33] , Turkey [34] , Vietnam [35] , Czech [36] , Italy [37] [38] , Sweden [39] , Mexico [40] , Chile [41] and Greek [42] ). The novelty of the present work lies in the inclusion of sustainability factors (Greenhouse gas emissions (GHG) in our case) while measuring the teaching and research efficiency. The present work lies in the category of sustainable educational supply chain management (SESCM).
In the literature, one can find several approaches for efficiency measurement. Some commonly used methods include: performance indicators, stochastic frontier method, ordinary least square method, Free Disposal Hull (FDH) and DEA etc. Out of these, DEA is perhaps the most suitable approach for dealing with cases where there are several inputs and outputs. In literature, one can find the applications of DEA to various service industries like airlines [43] , airport companies [44] , banking [45] , financial service [46] , hotel [47] , railway [48] , and Telecom [49] .
This article is an extension of the work previously done by the authors [50] with sufficient changes. Firstly, in current study, the authors have assessed IITR"s performance on the basis of 12 consecutive academic years in contrast to [50] , where performance is evaluated on the basis of a single year only. Secondly in this paper the authors have embedded DE with DEA to solve and evaluate the fractional model of the problem, this again is in contrast with the usual DEA method where the fractional model is reduced to a linear model. This article has a division of seven sections. Introduction given in section 1 is followed by a brief description of educational supply chain management in Sections 2. DEA and DE are briefed in Sections 3 and 4 respectively. Experimental setup is given in section 5. Result and Discussions are briefed in Section 6. Lastly, conclusions and future research directions detailed in section 7.
Educational supply chain management (ESCM)
ESCM is nothing but the incorporation of the philosophy of SCM into the education sector. ESCM is relatively a newer concept where industry and business models are adopted to enhance and improve the working of an educational management. A significant point however is that SCM is usually focused on profit making industries while education institutes are generally nonprofit organizations. In the HEIs supply chain "one of the primary suppliers of process inputs is customers themselves. They provide their bodies and souls, minds, belongings, or information as inputs to the service processes [3] ".
In case of HEI, where the focus is on teaching as well as research, ESCM may be defined as a process of transforming inputs which are in the form of students (undergraduates/ post graduates/ research scholars), and research projects (internal or external) through the educational process to obtain the best possible outputs (graduates, research outcomes).
The processing (HEIs) involves teachers or the academic staff, the administrative staff, infrastructure and research centers as well as social amenities like sports and recreational facilities etc. The supplied outputs are the students (graduates, post graduates and doctorates) and quality research outcomes that have gained value through the process after being monitored through examinations, development and continuous assessment.
The figures below (1 and 2) provide a generic framework for teaching and research supply chain frameworks respectively [5] .
The Teaching Supply Chain
It may be said that the teaching supply chain is responsible for the overall development of the students. It provides a framework for the supply chain network for students. The raw material here is the students who have to undergo through various processes like admission, course work, lectures, tutorials, and practical, projects research papers, technical reports and thesis/ dissertation writing, industrial training, internship and extracurricular activities like social events, sports, cultural fests etc. The end products of the teaching supply chain are the graduates, post graduates and doctoral students.
The Research Supply Chain
Besides teaching, HEI also focus on research through research projects, consultancies etc. Research also means generation of research ideas, development of new instruments and prototypes, collection and analysis of data, etc. Researchers, academic and non-academic staff as well as funding agencies and industries are the operators of the Selection } While (stopping criteria is met) End
Experimental Setup
Case study is done for IIT Roorkee, situated in Uttarakhand, India. It is one of the oldest technical institutes of India and at present ranks 6 th among technical institutes of India. The necessary data taken for study is given below:
1. DMU-These are Decision Making Units, homogeneous in nature, for which the efficiency is to be determined. In this study, nineteen departments that deal with academics, given in Appendix A, are selected as DMUs. In the past also, academic departments have been selected as DMUs [14, 17, 60, and 61] . All these departments are involved in a parallel job of teaching and research and can therefore be treated as homogeneous. 4 . Sustainability Factor -Green House Gas (GHG) emission is the environmental factor considered here. It is measured as: GHG = activity/consumption data * emission factor [62] . 5. DEA settings a) DEAP 2.1 [63] open source software. b) Model considered is output oriented as it will be more suitable for the present case study [50] . c) For performance evaluation, both constant returns to scale (CRS) and variable returns to scale (VRS) approaches are considered.
Parameter setting for DE
The DE program is executed in DEV C++. Pop size (NP) is taken as 100; Scale Factor (F) is taken as 0.5 while the crossover rate (Cr) is taken as 0.9; maximum iterations are kept as 3000. The DE variant utilized is DE/rand/1/bin [59] and for handling the constraints Pareto ranking method given in [64] is employed.
Mathematical Model
The basic mathematical model considered in this study is defined in section 3. The main difference is that for DE, fractional model is used while for DEA, the fractional model is reduced to a linear model. There are overall n=19 DMUs in the present case study. Department m which is the m th DMU, (k= 1, 2, …, N) uses 5 Inputs l,m (l = 1, …, 5) to generate 5 outputs km (k = 1, …, 5) from its teaching supply chain activities; and 5 Inputs l,m (l = 6, …, 10) to generate 5 outputs km (k = 6, …, 10) from the research supply chain. DOC, is a common input for both teaching supply chain and research supply chain and is therefore used in a proportionate manner. Since it is difficult for HEIs to apportion the exact amount of DOC, the distribution for each function is done with an objective of maximizing its overall relative sustainable supply chain efficiency (E 0 ).
It can be assumed that if p is the proportion of DOC allocated for teaching than (1 -p) is the proportion of DOC for research. The m th DMU to be measured on a particular trial is designated as DMU 0 (0 = 1, 2, …,n).
T 0 and R 0 of DMU 0 can now be defined [65] as:
The CCR (CRS score), DEA model used to evaluate and measure the overall E 0 is given as: (1 )( ) 0, 18
kl wz Through equation (15) the set of optimum weights (w k and z l ) is determined. This will give the maximum relative overall sustainable supply chain efficiency for m th DMU under evaluation. The objective function is subjected to the constraints (16) to (18) for limiting the relative E 0 . Constraint (19) is for non-negativity restrictions. is a small quantity taken as 0.01.
The number of times the model is executed is 19 which is equal to the number of DMUs for determining the relative performance for all the departments. A department is considered to be efficient if the score obtained is 1 otherwise the department can be assumed to be less efficient in comparison to other departments.
After obtaining the set of optimum weights for m th DMU, teaching and research supply chain efficiencies evaluated separately with the help equations (13) and (14) separately.
Similarly, for BCC (VRS score), DEA can be modeled to evaluate and measure the E 0 . Tables 2 and 3 Table 4 shows average supply chain efficiency scores of 12 years based on DEA. The performance metrics for DEA used are TE (Technical Efficiency), PTE (Pure Technical Efficiency) and SE (Scale Efficiency). Figure 3 shows the corresponding histogram.
Result and discussion

DEA results
Teaching supply chain efficiency:
- Figure 4 shows the corresponding histogram.
-------------------------------Figure 4 ---------------------------------
Total supply chain efficiency:
The overall result for supply chain performance for 12 years is given in Table 5 . The corresponding histogram for T o , R o and E o with respect to their SE scores is depicted in Figure 5 . - 
Teaching supply chain efficiency:
Average T o is calculated as 0.9732. Table 8 indicates that out of 19, ECE and HY, have obtained an efficiency score of 1 and can therefore assumed to be 100% efficient however for the remaining 17 departments are not as efficient as the score obtained is less than 1. The results is shown graphically in Figure 6 through a histogram.
-
Research supply chain efficiency:
Average R o calculated by DE is 0.9685. Here, AHEC, EQE, MS and HSS obtained a score of 1 and can therefore considered to be 100% efficient while all the other academic departments are comparatively lesser efficient. This result can also be viewed from Figure 7 .
-------------------------------Figure 7 ---------------------------------
Total supply chain efficiency:
The results for E 0 for 12 years are presented in Table 9 and the corresponding histogram of all three efficiency scores is given in Figure 8 (e) Some departments like EQE, HSS, MS and AHEC have 100% research efficiency but have teaching efficiency less than 1indicating that these departments needs to improve teaching efficiency. Tables 10 and 11 shows a comparison of sustainable educational supply chain efficiency scores for DEA and DE. Table 11 indicates that AHEC department is 100% efficient, when performance is assessed through DEA. However, when the assessment is done through DE, ARP department scores the rank 1 st while AHEC secures the 3 rd rank. None of the departments score 100% efficiency when DE is applied. The results are depicted pictorially through Figures 9, 10 and 11.
-------------------------------Figure 8 ---------------------------------
- 
Summary and directions of future research
Focal point of the present article is to appraise the competence of nineteen academic departments of IITR, an HEI of India in terms of teaching and research while considering the environmental factors (greenhouse gas emission). The objective here is not to judge a particular department but it is to provide a candid review of different departments engaged in teaching and research.
For appraising the performance, the tool used is DEA, a linear programming based technique for measuring efficiency. The authors have also applied DE on the mathematical model and compared the results. In case of DEA, the linear model is considered while in case of DE, fractional model is considered. All the results are taken while considering the sustainability criterion.
If we talk of results in terms of overall ranking than we can see that the average T 0 obtained by DEA and DE both is better than average R 0 . This is an expected outcome because the primary aim of this HEI is teaching.
If we analyze department wise, the results are more or less similar with both the methods (DE and DEA). In fact, there are 3 departments (EE, HSS and MS) which have received the same rank through DEA and through DE. In most of the other departments there is not much difference in the rank. However, there are three cases of BT, HY and MME departments where there is a significant change of rank by the two methods. BT department scored rank 7 th with DEA but its rank reduced to 12 th when DE is applied. In case of HY department, the rank 18 th obtained by DEA improved to rank 7 th , when results were taken by DE. Similarly, MME department scored rank 6 th with DEA but its rank reduced to 13 th when DE is applied. This could be due to discrepancy in data and can be subject to future investigations. However, we may add that the results obtained by DE are likely to be more efficient because we have considered the model in its original form.
It may added that besides DE, other Metaheuristics like genetic algorithms (GA) [66, 67] , particle swarm optimization (PSO) [68] and artificial bee colony (ABC) [69] may be combined with DEA or the effect of other soft computing techniques [70, 71] like artificial neural networks etc. may be tested on DEA. Possibilities may also be explored to apply the concept of DEA to other sectors of the society.
